OK, let's move from theory practice. Here are some provocative examples of how "multimedia technology" is being used in education today.
The Great State of Texas Takes a Bold Step
Teachers have long been using VCRs in their classrooms. Instead of using out-of-date textbooks children cannot, will not and do not read, it makes good sense to record Elliot Soloway )l NOVA TV show and bring it into class. The science content is fine and the delivery is most accessible. Texas has recently tacitly acknowledged the deep significance of this grass roots activity by being the first state in the Union to legislate that videodisk-based materials can be used in place of a traditional textbook.
For example, Optical Data Cor- Table   8 poration's pioneering "Windows on Science" videodisk and supporting curriculum and teacher materials for elementary science (grades 1-6), has just been adopted by at least 65% (2, 200) of the schools in the state of Texas! A teacher uses the videodisks to present information about science to the class: The teacher stands at the front of the class with a remote clicker and moves through segments of the videodisk that correspond to concepts in the curriculum. Students review the material when the TV + videodisk player is available.
While the initial use of this video material is too didactic for my taste, the Texas experiment is unquestionably an imaginative stab into the future.
Textbooks--written words--have been around for a long, long time. Images can now take their place--yes sir, that is a Texas-size change.
N e x t S t e p : V i d e o + C o m p u t e r = I n t e r a c t i v e
One learns by doing; one learns by being active. Add a $1,700 personal computer to that TV + a videodisk station and bingo, the game is radically changed: it is now interactive. Running on a Mac II, MultiMedia Works employs a film-making metaphor for multimedia composition. Students create a storyboard, consisting of panels, to outline their multimedia movie. A panel is an arrangement of various media (text, video, graphic) represented as colored icons (bottom of screen shot, Figure 1 ). Click on a panel, and the media are presented (top of Figure  1 ). One particularly provocative media tool available in MultiMedia Works is the VideoLightTable (Figure 2 ). Here a "writer" can cut-and-paste video sequences that are drawn from a videodisc library or from video the students themselves shoot.
Throwing high technology, even wonderful video technology, at students will not turn them into overnight Coppolas. Key to MultiMedia Works' success was the learning culture consciously developed in the class, under Christina Allen's guiding hand. In contrast to a didactic classroom model, children who used MultiMedia Works lived in a design studio e n v i r o n m e n t --a protected, yet public space where the products and the process of design are taken seriously, where critical analysis skills and social skills are developed and where group discussion and interaction are paramount.
And now for the $64,000 question: Did MultiMedia Works improve grades? Well first of all, the youngsters now come to school so they can at least take the tests. And second, I would count a thoughtful and thought-provoking, 10-minute, multimedia (words, video, graphics) argument on an environmental issue, developed over four weeks as demonstrating learning. What this experiment really demonstrates, however, is what can happen when children who are officially labeled as "problems," become invested in a learning culture, when they can express their ideas in ways that are, for them, authentic, when they can genuinely feel part of a learning community. It's heady stuff.
Yes, yes, B U T . . . The real issue in using multimedia technology is not the c h i l d r e n --i t is like ducks to water for them. For the thirtysomething generation, ah, that's another story! Here are three examples of trying to address the gatekeepers of learning: parents, teachers, administrators.
The Brownie Instamatic of MultiMedia
What technology transfer lesson can we learn from the lightning acceptance of computer-based spreadsheets? They were easy to use because they looked just like their familiar paper cousins. Thus, if you want to design a multimedia composition environment that everyone (i.e., the gatekeepers) can immediately use, start where people a r e --w o r d s and word processors, and then tack on some media.
Consider, then, the screen shot in Figure 3 . You have never seen a MediaText document before, but L O E you probably can figure it out: type words to the left of that line, and click on the icons to the right of the line. That is by and large all there is to it.
For example, Seth, a student in the Community High School, Ann Arbor, used MediaText last fall in his English composition class to write a biography of his friend, Britain. Now, Britain is a highenergy teenager; he does not sit still. So, if you click the third icon down on the right, a scanned in picture of Britain a p p e a r s --a n d then the picture bounces around on the screen. It is a brief, but insightful and compelling use of animation. And, it takes just two mouse clicks to make that animation.
Designed by Mark Guzdial, and industrial-strengthened by Jim Merz, both of my research group at the University of Michigan, MediaText, running on a Mac, allows writers to incorporate videodisk clips, cd clips, sound clips, graphics and animations into their documents. And everything is just two mouseclicks away (more or less).
Kodak had it right in 1890 with its slogan for the Brownie camera: "You push the button, we do the rest." The learning curve for using that technology was mercifully short, enabling millions upon millions of folks to seriously manipulate images for the first time. In fact, the key is the teacher's investment of time: Through a visually engaging and straightforward interface (Figure 4) , a teacher can invest a modest amount of time and construct a videotape that is customized to what the teacher perceives as the particular needs of his/ her own class. (Figure 5 shows a teacher adding a video clip to his or her "shopping list" that will eventually be printed to the teacher's videocassette.) Given that personal investment, the teacher is both more likely and better prepared to use his or her custom videotape to foster interaction and discussion in class, rather than simply showing it to the class like one of those deadly audiovisual film strips.
The intellectual property lawyers out there are probably jumping up and down by now asking who gave the teachers the right to copy someone else's images? Who paid for that right? In addition to developing IMRE, Burt and David of Arnowitz Productions went through all the legal gyrations so that teachers using IMRE will not go to jail. IMRE-like systems, however, raise all those nasty copyright issues: who owns an image? what is an image? what is plagiarism in the digital, networked era?
Design Studio Learning for Teachers
Six-thousand teachers have been lining up to take a one-day workshop on "a model classroom of the 21st century" at the Teacher Explorer Center in East Lansing, Michigan. Instead of lectures about the classroom of tomorrow, Fred D'Ignazio director and Sharon Goth-Tew, use the classroom of today plus readily available technology to provide attendees with a genuine learning experience in multimedia research and publishing. During a six hour workshop each of the five teams (four to a team) produce a videotape, using for example camcorders, and digitizing cards, on IBM machines, that tells a story to the folks back home in the school district.
Workshop attendees universally attest to having a "great," "wonderful," and "unforgettable" experience. The demand is such that two more Teacher Explorer Centers are being opened up in Michigan (in Oakland directed by Anne Porter, and in Bay de Noc directed by Joe Clairmont). Teachers and administrators are clearly overcoming any (reasonable) apprehension they more than likely have, and are sending a clear signal that they are open to change, to new learning cultures, to new tools. Get set: it may happen faster than we expect.
The Wild Card: The Home Information Appliance
All the above experiments have been carried out on desktop, personal computers. But what about the consumer electronics industry? If you are in Japan and feel comfortable working with Japanese characters, pick up a $450 Sony Data Disk Man, a hand-held CD player that can "play" dictionaries, encyclopedias as well as music. In the U.S., Commodore has CD/TV, a sleek, black box sold in stereo stores, for about $1,000, that is a CD player running a 68020 under the hood. And, the software for such hardware is coming along very fast also. A whole new generation of publishing houses, such as The Voyager Company, Warner New Media, Inc., ABC News Interactive are producing provocative "titles" solely on electronic media.
What happens when the CD/ computer is $250--the price of a VCR--say, Christmas 1993?
(continued on page 95) lem our field faces: teachers and managers standing in the way of progress. Grune believes "there is no adequate theory for program construction," presumably, as he mentions later, because the theory does not adequately address all "real world limitations," like integer overflow. This is similar to refusing to use Newton's law of gravity because it does not take into account the theory of relativity and perhaps as-yet-undiscovered laws of nature that might require a change in Newton's law. It is ludicrous not to use a useful theory for what it is suited because it does not solve all problems.
Even if we manage to educate the Grunes of our field so that our undergraduates can be educated, they will later suffer under managers like Clune. He seems to have a 1950's mentality, as evidenced by his statement that "there is very little that recursion is good for." His remarks lead me to believe that he knows little about undergraduate computer science education in the highly ranked departments. I am sure it is mainly a matter of education, and I would love to be able to give him a few courses, because I believe I could change his mind on this issue. I do agree wholeheartedly with Clune that computer scientists need a broad liberal education, with courses in physics, chemistry, math, English, and the like. I was fortunate enough to have had such an education and I value that experience very much.
Like Clune, Michael Endrizzi suffers from a lack of exposure to foundational ideas and notations. He claims that, in my paper, I should have defined the multiple assignment and the notations wp and {P}S{Q}. But the multiple assignment and these notations were introduced over 16 years ago, have been used extensively ever since, and should have been taught to every undergraduate computer science student in the past ten years.
Our problem is that they were not so taught. (I am sorry for the unconventional symbol for "not." The request by the ACM editor and me to use the conventional sign was ignored by the typesetter.)
In conclusion, I thank the letter writers for their remarks. To me, they were enlightening. I saw that my paper did not get my point of view across as well as 1 had hoped, and for that I extend my apologies.
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